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Research at a Glance
•
•
•

Plants have been known to take up air pollutants
from the air. The capacity of uptake varies among
both pollutants and plant species.
Asparagus densiflorus, a common houseplant,
was used in this study in order to take up the air
pollutant sulfur dioxide in an airtight container.
Removal of sulfur dioxide was statistically significant, though too variable to draw any definite conclusions.

Rhiannon in the Horticulture Club Greenhouse with the
Asparagus densiflorus plants used in her research.
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The biofiltration ability of
Asparagus densiflorus to remove
sulfur dioxide from the indoor
atmosphere
Rhiannon de la Rosa* and Mary Savin†

Abstract
Sulfur dioxide is an inorganic compound (IC) and air pollutant that causes health risks in humans. The buildup of sulfur dioxide (SO2) in enclosed indoor spaces is, therefore, a concern to
human health, especially since the average person spends 90% of his/her time indoors. This study
focused on decreasing SO2 concentration in a cost-effective and simple way—by using botanical
biofiltration, or the uptake of pollutants by plants. Research in biofiltration has focused mostly
on the remediation of volatile organic compounds (VOC). However, research has also shown that
plant species that remediate VOC efficiently also have the potential for efficient IC remediation.
Asparagus densiflorus, which has a superior capacity for VOC uptake, has not yet been tested
for the uptake of SO2. In order to fill that research gap, this study measured the difference in the
amount of SO2 after 3 hours in an airtight container in the presence of an Asparagus densiflorus
plant divided by the amount of SO2 present in the absence of the plant. This result was considered
the fraction of SO2 remediated by the plant. The results in this experiment, although showing
significant fractions of SO2 removal, were too variable to be conclusive about the amount of SO2
removed from an enclosed atmosphere and, therefore, of the biofiltration ability of A. densiflorus.
Nonetheless, further research using a different research design is recommended to investigate
whether A. densiflorus is more efficient than other plants at removing SO2 from the atmosphere
and, therefore, could be used in biofilters.

* Rhiannon de La Rosa is a 2020 Honors Program graduate in Horticulture, Landscape, and Turf Sciences.
† Mary Savin, the faculty mentor, is a professor in the Department of Crop, Soil, and Environmental Sciences.
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Introduction
According to surveys conducted in 1989 and 2001, the
average American spends about 90% (or 22 hours a day) of
his or her time indoors (USEPA, 1989; Klepeis et al., 2001).
For urban residents, from 58% to 78% of their time is in a
building with air that is considered contaminated to some
extent (Compton, 2011). Therefore, indoor air quality
should be a priority concern for all individuals who spend
this much time within buildings and sealed structures.
Two main chemical categories contribute to indoor air
pollution: volatile organic compounds (VOC) such as benzene and toluene, as well as inorganic compounds (IC),
including sulfur dioxide (SO2). Both contribute to many
health risks and are regulated in order to protect individuals. If a limit of one of these compounds were to be exceeded, the options for remediation could be very expensive:
repairing ventilation systems, replacing faulty appliances,
or even remodeling structures. A more cost-effective way
to reduce pollutants is botanical biofiltration—the removal
of contaminants from the environment using green plants
(Soreanu et al., 2013).
Pollutant uptake in botanical biofiltration has been predicted to occur by any combination of the following mechanisms: rhizosphere degradation via soil microorganisms,
phytoextraction (plant-liquid extraction), stomatal uptake

(plant-gas extraction), phytodegradation via the enzymes
within plant tissue, and/or phytovolatilization by means of
evaporation from leaves or plant transpiration (Soreanu et
al., 2013). The activity in the rhizosphere is the main mechanism of pollutant remediation, though this experiment excludes the soil in order to focus mainly on stomatal uptake.
Previous research has focused mostly on VOC, though
it is evident in the literature that plants efficient in the
uptake of VOC may also be efficient in the uptake of IC
(Esguerra et al., 1982; Wolverton et al., 1985; Yang et al.,
2009). One plant that has been categorized as superior in
VOC remediation is Asparagus densiflorus, a common
houseplant known as asparagus fern with bushy, needlelike foliage (Fig. 1) (Yang et al., 2009). However, it has not
been used widely in IC remediation studies and has not
been investigated for the uptake of SO2.
The objective of this experiment was to determine the
amount of SO2 a single A. densiflorus plant could absorb
from a closed system in three hours. The null hypothesis
was that SO2 measured in a defined empty volume (i.e.,
in the absence of A. densiflorus) after 3 hours of exposure
to a source of 10 mg/L SO2 would be the same as the SO2
measured in the presence of an A. densiflorus plant in the
same defined volume after 3 hours of exposure to the same
source of 10 mg/L SO2.

Fig. 1. One of the Asparagus
densiflorus plants used in the
experiment prior to exposure
to sulfur dioxide. Shown with
plastic wrap used to prevent soil
uptake of sulfur dioxide during the
experiment.
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Materials and Methods
The experiment was modeled after Hochheiser’s (1964)
gas sampling train, with modifications to incorporate an
airtight box that contained the A. densiflorus plant and a
fan to ensure uniform mixing of the air (Fig. 2). In addition, a safety trap was added before the vacuum pump
to ensure that all SO2 was captured. The SO2 at an original
concentration of 10 mg/L from a tank was pulled through
the box and into an impinger filled with 0.3 N hydrogen
peroxide absorbing solution. The impinger (Fig. 3) bubbled the incoming air through 75 mL of the 0.3 N hydrogen peroxide solution, which captured all SO2 before the
cleaned air broke the surface of the 0.3 N hydrogen peroxide solution. This absorption is based on the chemical

reaction of sulfur dioxide and hydrogen peroxide to form
sulfuric acid. The cleaned air was pulled from the impinger through the side port into a safety trap filled with
approximately 200 mL of 0.3 N hydrogen peroxide, which
acted much like a large impinger, in order to ensure there
was no remaining SO2 in the air before it was pulled through
the vacuum pump and released into the atmosphere.
The modified gas sampling train was assembled and
smoke-tested for airtightness before beginning the experiments testing four treatments: 1) ambient air with no
plant present, 2) ambient air in the presence of a plant, 3)
SO2 with no plant exposed to a source of 10 mg/L SO2 in a
defined volume for three hours, and 4) SO2 with the plant
present exposed to a source of 10 mg/L SO2 in a defined
volume for three hours.

Fig. 2. The experimental setup used to evaluate Asparagus densiflorus’ ability to take up SO2 from the
atmosphere in a defined volume. The airtight system was attached first to a safety trap in order to absorb
any overflow of SO2, then to a vacuum pump in order to control the flow through the system.

Fig. 3. A schematic of how the
hydrogen peroxide solution-filled
impinger collects SO2. Air containing
SO2 (shown as red arrows) flows down
the impinger tube and to the bottom
of the hydrogen peroxide solution. As
bubbles of SO2-contaminated air are
formed in the solution (red circles), they
react with the hydrogen peroxide in
order to form sulfuric acid and remove
all SO2 from the bubbles until there is
none within them (white circles) before
they break the surface of the solution
and the cleaned air is pulled through
the outer port.
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The source of SO2 (10 mg/L SO2, balance air) was obtained from AirGas USA, LLC (Durham, N.C.). The 0.3
× 0.3 × 0.3 m3 airtight acrylic box was placed in a sealed
glove bag during the experiment (Fig. 4). These components were attached to the flow control, impinger, safety
trap, and vacuum pump with Tygon tubing and plastic
connectors.
Four A. densiflorus plants (Lowe’s, Fayetteville, Ark.)
were purchased, acclimated in the Horticulture Department greenhouse for four months, divided into 12 plants
in potting soil, and maintained with regular watering for
four additional months to regulate physiological processes before the experiment (Fig. 1).
At the beginning of each treatment, the airtight box
was latched with the fan, and plant if applicable, inside.
The plant pots were encased in plastic wrap to ensure soil
reactions were excluded from SO2 uptake. The bag was
sealed around the box, and the connections were checked
to ensure attachment to the rest of the sampling train.
The impinger was filled with 75 mL of the 0.3 N hydrogen peroxide solution and connected via Tygon tubing to
a valve, which controlled outflow from the airtight box.
The safety trap was filled with approximately 200 mL of
the 0.3 N hydrogen peroxide solution. Once all components were confirmed in the sampling train, the SO2

tank (if applicable) was set to have an output of 34.47 kPa
while the vacuum was set at a suction pressure of 33.86
kPa. The treatment was run for 3 hours. The SO2 tank was
then detached, the vacuum was shut off, and the 75 mL
of 0.3 N hydrogen peroxide solution in the impinger was
collected and transferred to a beaker. The 0.3 N hydrogen
peroxide solution in the safety trap was checked regularly
for the presence of SO2 from possible overflow, and none
was ever detected.
In order to determine the amount of SO2 collected
during each run, 4 drops of the mixed indicator bromocresol green and methyl red in methanol were added to
the 0.3 N hydrogen peroxide solution from the impinger
(or safety trap) that was stirred continuously with a magnetic stir bar. The 0.002 N sodium hydroxide titrant was
added dropwise via a 50-mL burette until the solution
turned green. The amount of SO2 (mg) was found by
multiplying the total sodium hydroxide titrant used by
64.07, as calculated based on the equation below.

Fig. 4. The airtight box used in the experiment to test the presence or absence of atmospheric SO2 is surrounded by
the sealed bag, with tape-reinforced inlets and outlets for the Tygon tubing. Box contains either no plant or one plant
and a fan regardless of the presence or absence of the plant.
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Treatments 1 (ambient air with no plant present) and
2 (ambient air in the presence of a plant) were replicated
four times. Treatment 3 (SO2 with no plant exposed to
a source of 10 mg/L SO2 in a defined volume for three
hours) was replicated six times. In order to evaluate replicability in treatment 3, treatment 3b consisted of six
additional replicates. Treatment 4 (SO2 with the plant
present exposed to a source of 10 mg/L SO2 in a defined
volume for three hours) was replicated six times.
The descriptive statistics, including the mean, median,
first and third quartiles, minimum, maximum were calculated for the SO2-no plant (treatments 3 and 3b) and
SO2-plant treatment (treatment 4) and displayed in a box
plot. Percent relative difference was calculated for a pair
of SO2-no plant runs. Standard deviation and relative
standard deviation were calculated for the SO2-no plant
(treatments 3 and 3b) and SO2-plant treatments (treatment 4).
The SO2-no plant (treatment 3b, SO2N) and SO2-plant
treatments (treatment 4, SO2P) were run in pairs (n = 5)
and used to determine SO2 uptake for the purposes of the
study as shown in the equation below.

The distribution of the total of 12 replications of SO2no plant (treatments 3 and 3b) was plotted in a histogram
(data not shown). After a log transformation in order to
normalize the distribution of samples, a paired t-test was
run to evaluate the significance of SO2 removal among
paired treatments of SO2-plant and SO2-no plant.

Results and Discussion
The SO2 content of treatments 1 and 2 was expected to
be 0 mg. For four replications of treatment 1 (ambient air,
no plant) and treatment 2 (ambient air, plant), all runs
had 0 mg SO2. Repeated sampling is generally expected
to follow a normal distribution. Statistical analyses are
often based on that normal distribution, and those tests
are parametric tests. A histogram was created of the 12
samples of SO2 in the absence of the plant (treatments 3
and 3b) to determine if samples followed a normal distribution. Sample distribution was found to be strongly
right-skewed (data not shown).
Regardless of sample distribution, results demonstrated that amounts of SO2 were variable (e.g., treatments 3
and 3b, Fig. 5). The mean of the first six replications of
SO2 in the absence of the plant (i.e., treatment 3) was less
than the mean of the second six replications within the

1,400
1,200

SO2 (mg)

1,000
800
600
400
200
0

1

Treatment 3

Treatment 3b

Treatment 4

Fig. 5. The amount of SO2 in mg when pulled at an original concentration of 10 mg/L at 33.9 kPa negative pressure
for 3 hours in a space of 28 liters in the absence of Asparagus densiflorus, evaluated twice (Treatments 3 and 3b, n =
6), and in the presence of Asparagus densiflorus (Treatment 4, n = 5).
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same treatment (i.e., treatment 3b). The median is a robust measure of central tendency; however, the median
was also much larger (2.6 times larger) in the second six
replicates (i.e., treatment 3b) compared to the first six of
the same treatment (i.e., treatment 3). The range of values
was more than 4 times greater in the second six replicates
compared to the first six. Even in the presence of plants,
treatment 4, the range of values was 1.8 times greater than
in the absence of plants from the original six replicates
(treatment 3). In order to analyze the data despite variability among the means, coefficient of variation (CV) or
relative standard deviation was used (Table 1). The CV
varied between the first six and second six replicates in
the SO2 treatment in the absence of a plant, treatments 3
and 3b, respectively, and compared to the presence of a
plant, or in treatment 4. However, a repeated run of SO2
in the absence of the plant yielded a percent relative difference between duplicates of 17.3% (data not shown),
which is within generally accepted values of less than 20%.
Due to the variability among replications within a
treatment, the first six replicates in the presence of SO2
and absence of a plant (treatment 3) were disregarded and the second six (treatment 3b) were paired with
each replicate of treatment 4 (i.e., presence of SO2 and
plant). A failure in data collection resulted in a total of
five paired replications being included in the analysis of
percent removal instead of six replications. The percentage of SO2 removal from the atmosphere ranged from
35% to 84%, with a mean removal rate of 53% (Table 1)
and a median of 46% (data not shown). A paired t-test
indicated significant percent removal of SO2 from the enclosed atmosphere under these defined conditions for 3
hours (P = 0.011). However, while there was a significant
difference in SO2 removal with the presence of the plant,
the data are too widely variable to make a definitive statement about the removal capacity of Asparagus densiflo-

rus. While the pairs of treatment 3b and treatment 4 each
indicated a certain percentage of removal, up to 84%, the
inherent variability of the data creates an issue in claiming to what extent the plant may remediate SO2.
There are potential sources of error that contributed
to variability in SO2 measured in treatments 3 and 4, one
of which was the original concentration of 10 mg/L SO2
could not be confirmed as the same concentration in the
airtight box. The liters of air flowing through the system
could not be measured, and thus a concentration within
the system could not be determined. Ideally, at any given
time, there would have been 280 mg of SO2 in the 28 L
box, yielding a concentration of 10 mg/L.
The mean removal capacity of A. densiflorus may have
been 296 mg SO2 in three hours, or 99 mg SO2 per hour.
These results differ from other studies where remediation
capacity was reported in other units. Yang et al. (2009) found
A. densiflorus took up VOC at 2.65 to 11.40 μg of pollutant
• m-3 container volume • m-2 leaf area per hour, and Hörmann et al. (2018) measured A. densiflorus to take up VOC
at 1.7 to 4 L pollutant • m-2 leaf area per hour. Esguerra
et al. (1982) found an uptake range from 0.15 to 2.77 μg
SO2 • m-2 leaf area • s-1 for three hours. All these measurements were taken in relation to exposed leaf area, and all
experiments covered the soil surface in order to isolate effect
on pollutant concentration by aboveground plant tissue.
In the case of a standard houseplant that had the soil
exposed to the atmosphere, the uptake measured in this
study would increase, though it should not be attributed
to the actual remediation of A. densiflorus but instead
remediation by the soil and related microbes performing soil rhizosphere transformation of SO2 (Soreanu et
al., 2013). Soreanu et al. (2013) also summarized research
that suggested that phytoremediation is a collective effort
between plants and soil microorganisms, which depends
on interactions with each other.

Table 1. Statistical analysis of SO2 (mg) in a 28-L airtight container after being exposed to a source of
10 mg/L SO2 for 3 hours in the presence or absence of Asparagus densiflorus, and found percent
removal of SO2
Statistical Analysis
Property
Mean
SDa
CVb
SO2 (mg) in absence of Asparagus densiflorusc (Treatment 3, n = 6)
223.2
115.6
51.8
SO2 (mg) in absence of Asparagus densiflorusd (Treatment 3b, n = 6)
546.7
419.2
76.7
SO2 (mg) in presence of Asparagus densiflorus (Treatment 4, n = 5)
223.0
213.7
95.8
Percent Removal of SO2 (n = 5)
52.5
19.5
37.2
a SD = Standard Deviation.
b CV = Coefficient of Variation (relative standard deviation expressed as a fraction of mean divided by the
standard deviation).
c First six replicates, Treatment 3, data were disregarded in paired treatments.
d Second six replicates, Treatment 3b.
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It also must be accepted that in experiments such as
this, the closed, modified environment used to measure
uptake cannot be compared to uptake in a normal indoor
condition. Similarly, the closed box increased the concentration of SO2 around the plant and therefore created
a greater concentration gradient. A concentration gradient will eventually cause sulfur levels in both plant tissue and air to equalize, stopping uptake until the sulfur is
metabolized and transported elsewhere (Hörmann et al.,
2018). This greater concentration would, therefore, create
the appearance of greater or faster uptake in comparison
to within a large room in which the amount of SO2 may
be the same, but the concentration itself would be substantially lower.
However, hypothetically speaking, if the mean 99 mg
SO2 per hour rate found in this study was to be used as
a calculation, a standard 4 by 4 by 4 cubic meter room
at 5 mg/L SO2 would require 20 plants to remediate all
SO2 in a week. Calculations such as these are difficult to
substantiate when the remediation rate is not only determined from variable data, but also from an experiment
lasting only three hours in a closed system with conditions unlike that of a larger room. These challenges also
compound when scaling up remediation rates to incorporate into a larger biofilter system.

Conclusions
In conclusion, it was determined that the experimental design resulted in data that were too variable to assess Asparagus densiflorus’ uptake of sulfur dioxide confidently. Any repetitions of the experiment would require
a more constant and reliable method of delivery of SO2
and measurement of plant uptake of SO2.
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